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Abstract: Between January 2012 and March 2012, the infection rates of porcine epidemic 
diarrhea virus (PEDV) increased substantially in vaccinated swine herds in many porcine 
farms in Gansu Province, China. The spike (S) glycoprotein is an important determinant 
for PEDV biological properties. To determine the distribution profile of PEDV outbreak 
strains, we sequenced the full-length S gene of five samples from two farms where animals 
exhibited severe diarrhea and high mortality rates. Five new PEDV variants were identified, 
and the molecular diversity, phylogenetic relationships, and antigenicity analysis of Gansu 
field samples with other PEDV reference strains were investigated. A series of insertions, 
deletions, and mutations in the S gene was found in five PEDV variants compared with 
classical and vaccine strains. These mutations may provide stronger pathogenicity and 
antigenicity to the new PEDV variants that influenced the effectiveness of the CV777-based 
vaccine. Our results suggest that these new PEDV variant strains in Gansu Province might 
be from South Korean or South China, and the effectiveness of the CV777-based vaccine 
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needs to be evaluated. 
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1. Introduction 

Porcine epidemic diarrhea virus (PEDV), a member of Coronaviridae, is an enveloped, single-stranded 
RNA genome with a 5 f cap and a 3 f polyadenylated tail. The size of its genome is approximately 28 Kb [1]. 
The genome comprises a 5 f untranslated region (UTR); a 3 f UTR; at least seven open reading frames 
(ORFs) that encode four structural proteins, namely, spike (S), envelope (E), membrane (M), and 
nucleocapsid (N); and three non-structural proteins, namely, replicases la and lab as well as ORF3 [2]. 
The PEDV S protein is a type I glycoprotein composed of 1,383 amino acids (aa). Similar to other 
coronavirus S proteins, the PEDV S protein is a glycoprotein peplomer (surface antigen) on the viral 
surface and contains four neutralizing epitopes (499-638, 748-755, 764-771, and 1,368-1,374 aa) [3-5]. 
The PEDV S protein has a pivotal function in regulating interactions with specific host cell receptor 
glycoproteins to mediate viral entry [6]. Thus, the S glycoprotein is a primary target for the development 
of vaccines against PEDV. The S glycoprotein is also the major envelope glycoprotein of the virion, 
which serves as an important viral component to understand the genetic relationships of different 
PEDV strains and the epidemiological status of PEDV in the field [2,7-9]. 

Porcine epidemic diarrhea (PED), caused by PEDV, is an acute, highly contagious, and devastating 
swine disease that is characterized by acute enteritis and lethal watery diarrhea, followed by dehydration 
frequently leading to high mortality in piglets [10,11]. PED was first observed among English fattening 
pigs in 1971 [10] but has increasingly become a problem in several Asian countries, including Korea [12], 
China [8,9,13], Japan [14], and Thailand [15]. In China, PEDV was first isolated in 1973 [9]. Almost 
two decades later, its prevalence has become a problem of the swine industry in China, but until 2010, 
the prevalence of PEDV infection was relatively low with only sporadic outbreaks. However, in 
late 2010, a remarkable increase in PED outbreaks occurred in the pig-producing provinces [9,16]. 
PED that occurred in several porcine farms and caused severe economic loss between January 2012 
and March 2012 in Gansu Province, China was investigated in this study. The affected pigs exhibited 
watery diarrhea, dehydration, and thin-walled intestines. The disease progressed to death within four 
days. Pigs of all ages were affected and exhibited diarrhea and loss of appetite with different degrees 
of severity, which were determined to be age dependent. Among the suckling piglets, 100% became ill. 
Pigs >7 days of age experienced mild diarrhea and anorexia, which completely resolved within a few 
days. To identify the PEDV strain(s) responsible for the recent outbreak in Gansu, where located in 
west China, the east by Shanxi province, the south of Sichuan province, the west of Xinjiang province, 
and the north of Inner Mongolia province, we sequenced the full-length S gene of the isolates obtained 
from the diarrhea samples collected from pigs in two affected pig farms. One farm named Yongjing 
Tai Chi Breed Co., Ltd (Yongjing, China), and another named Hoggery of Science and Technology 
Breed Park of Jiugang Hongfeng Company (Jiayuguan, China). 
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2. Results and Discussion 

2.1. Sequence Analysis of the S Gene 

The nucleotide sequences of the S region were 4,161 bp long for JY5C, JY6C, JY7C, YJ3F, and 
YJ7C. Their S proteins were 1,386 aa long with a predicted Mr of 151.7 KDa. The S protein of JY5C, 
JY6C, JY7C, and YJ3F contained 28 Asn-Xaa-Ser/Thr sequons and 22 asparagines predicted to be 
7V-glycosylated (Figure 1A,B). The S protein of the YJ7C strain contained 29 Asn-Xaa-Ser/Thr 
sequons and 23 asparagines predicted to be 7V-glycosylated (Figure 1C). However, the S protein of the 
CV777 vaccine strain contained 29 Asn-Xaa-Ser/Thr sequons and 22 asparagines predicted to be 
^-glycosylated (Figure ID). For JY5C, JY6C, JY7C, and YJ3F, four (from N to V at 57, from N to I at 
127, from T to I at 232, and from N to S at 719) of the changes in the predicted amino acid sequence 
destroyed TV-linked glycosylation sites, whereas another three changes (from S to N at 58, from I to T 
at 116, and from T to N at 1193) created three new glycosylation sites compared with the vaccine 
strain CV777 (Figure 2). For the YJ7C strain, three amino acid changes (from N to V at 57, from N to 
I at 127, and from T to I at 232) destroyed TV-linked glycosylation sites and another three changes 
(from S to N at 58, from I to T at 116, and from T to N at 1 193) created three new glycosylation sites 
compared with the vaccine strain CV777 (Figure 2). The changes in the TV-linked glycosylation sites 
between the Gansu PEDV strains from our study and the vaccine strain may influence their 
pathogenicity and antigenicity and should be researched in the future. 

2.2. Nucleotide and Deduced Amino Acid Sequence Homology 

The nucleotide and deduced amino acid sequence homology results are described in Table 1 . The 
nucleotide sequence of the five strains from our study (JY5C, JY6C, JY7C, YJ3F, and YJ7C) had 
99.3% to 100% nucleotide sequence identity to one another, and their deduced amino acids had 99.0% 
to 100%) identity to one another. The S genes' nucleotide and deduced amino acid identities of five 
strains from our study (JY5C, JY6C, JY7C, YJ3F, and YJ7C) with the other PEDV reference strains 
are described in Table 2. The PEDV strain that had the highest DNA sequence identity to our PEDV 
strains was CH8 (one Chinese PEDV strain), which had 98.4%> identity and the deduced amino acids 
had more than 98.0% identity. However, the nucleotide sequence of our PEDV strains had only 93.8% 
to 93.9%) identity to the CV777 vaccine strain, and their deduced amino acids had 93.6%> to 93.7%> 
identity to the CV777 vaccine strain. The nucleotide sequence of our PEDV strains had lower identity 
(93.3% to 95.7%) to the previous domestic strains (DX, LZC, LJB-03, JS-2004-2, and CHS) and their 
deduced amino acids had 92.6%> to 95.7%> identity to the previous domestic strains (DX, LZC, LJB-03, 
JS-2004-2, and CHS). The nucleotide sequence of our PEDV strains also had low identity (93.2% to 94.6% 
and 93.7% to 93.8%) to the Japanese strains (MK, NK, and KH) and the European strain (Brl-87), 
respectively, and their deduced amino acids had 93.1% to 94.2% and 93.4% to 93.6%> identities to the 
Japanese strains (MK, NK, and KH) and the Europe strain (Brl-87), respectively. The nucleotide 
sequence of our PEDV strains had higher identity (94.7%> to 97.1%) to seven South Korean strains 
(KNU-0801, KNU-0802, KNU-0901, KNU-0902, KNU-0903, KNU-0904, and KNU-0905), and their 
deduced amino acids had 94.1% to 96.8%> identity. 
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Figure 1. (A) S proteins of the JY5C, JY6C, JY7C and JY3F strains contained the same 
Asn-Xaa-Ser/Thr sequons and asparagines predicted to be 7V-glycosylated; (B) 7V-glycosylated 
prediction of the S protein of YJ7C strain; (C) 7V-glycosylated prediction of the S protein of 
CV777 strain. 
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Figure 2. Amino acid alignment of Asn-Xaa-Ser/Thr sequons and asparagines predicted to 
be ^-glycosylated of the JY5C, JY6C, JY7C, YJ3F and YJ7C strains' S protein. Both blue 
boxes and red boxes stand for the Asn-Xaa-Ser/Thr sequons, but only red boxes stand for 
asparagines predicted to be 7V-glycosylated. 



UKSLT YF S'LFLPVL ST L SLPODVTRCS AMT NF RRF F SKF NYQAP A VV VL GGYL PI GE NQCV NST \'ff CA. GQ HPT A S GV HGI FVSHI RGGHGFEI Gl S QE PF DPSGYQL YL HK ATNGNTNAT 



JY5C pro 
JYdCpfO 
JYTCpfO 
YJJF pr 9 
YJ7CpfO 
CV777 pro 

Majority 



JY5CpfO 
JYSCpfO 
JY7CpfO 
YjJF pro 
YJ7Cp(0 
CV777 pfO 

Majority 



JY5C pro 
JY6C pro 
JY7CpfO 
YJ3F pro 
YJ7Cpro 
CV777pro 



JY5Cpro 
JYSCpro 
JY7CpfO 
YJSFpro 
YJ7CpfO 
CV777 pro 



2d 



20 



JO 



CO 



60 



■0 



5-0 



10: 



• 10 



12C 



UKSLT YFVi.FLP.LST LSLPGD. T RCS AflT tJF RRF F SKF r J. Q-P*,: : LGGYLPI GEUQG'JNST 
UKSLTYFVvLFLPVLSTLSLPODvTftCSANTNf RftPFSKFNVaAPAVVVLGGYLPl GENOG.NST 
MKSLT YFWLFLPVLSTLSLPQDVTRCSAMTNFRRFFSKFNVQAPAVVVLGGYLPI GENQGJNST 
MKSLTYFWLFtPVUSTl.$LPOOVTRCSAMTNF RRF FSKFWOAPAVVVLCCYl.pl GE "QC j"ST 
MKSLTYFVLFLPVLSTLSLPQDVTRCSAMTNFRRFFSKFNVQAPAVVVLGGYLPI GENQG\ 



■Y C-.GC HPT - SG. HGI F .SHI RGGHGFEI Gl S GE PF DPSGY QL Y L HK A T NGN1 NAT 

•Y c a. gO-hP T a S Gv hGi F vshi RGGhgFEi Ci SOEpFOPSGyQlyl hkaTnGnI NaT 
WCAGQHPTASGVHGI FVSHI RGGHGFEI Gl SQEPFDPSGYQLYLHKATNGN1 NAT 
WCAC0«PTA5CVHCI FVSHI RCCHCFEI C SOEPFOPSGYQLYL HKATNGNI NAT 
YTCA.GQHPTASGVHGI FVSHI RGGHGFEI Gl SQE PFOPSGYQLYL HKATNGNI NAT 



URSLi YFVvLLLPVLPTLSLPODVTRCOSTTNFRRFFSKFNV&APAVVVLGGYLPS ff^SWCGTGJ ETASGVHGI FLSYI OSCOCFEI Gl SQEPF DPSGY OLYL HKATNGNtRaT 

ARLRI CQFPSI KTLGPT A NNDVTTGRNCL FNKAI PAHMSEHS- VVGI TWDNDRVTV FSDKI Y HF Y F KNOWS RV AT KCY NS GGCA MQYVYEPTYY ML NVTS AGEDGI SYQPCTANCI GYA 



130 



148 



IM 



is: 



170 



13. 



220 



244 



ARLRI CQFPSI KTLGPT ANND'.'TTGRNCL FNKAI PAHMSEHS- • VVGI TWDNDRVTV FSDKI YYFYFKND;V5RVATKCYNSGGCAUQYVYEPTY YMLjfJVTf AGEDGI 
ARLRI CQFPSI KTLGPT A NNDVTTGRNCL FNKAI PAHMSEHS- • VVCI TVONORVTV FSDKI 
ARLRI CQFPSI KTLGPT A NNDVTTGRNCL FNKAI PAHMSEHS- - VVGI TWDNDRVTV FSDKI 
ARLRI CQFPSI kTlGPTannDvTTGrnCL FNKAI PahMSEhS- - VVCI TVbDNORvTv FSDKI 
ARLRI CQFP SI KT L GPT A NNDVTTGRNCL FNKAI PAHMSEHS- - VVGI TWDNDRVTV FSDKI 
ARLRI CQFPCJnKTLGPTVN- DVT TGRNCL FNKAI PAYMRDGKCM VVGI TVONDRVTV F ADKI 



YYFYFKNDVySRVATKCYNSGGCAMOYVYEPTYY 
I YYFYFKNDVfiRVATKCYNSGGCAMOYVYEPTYYIy 
I YHfYFKN&VySftVATKCYNSGGCAMQY vyF.PT YYfc 
I Y HFYF KNOWS RV AT KCYNSGGCA MQYVYEPTYYfc 
I YHFYLKNDWSRVATRCYNRRSCAMQYVYTPTYYIy 



SYQPCTANCI GYS 238 
AGEDGI SY QPCTANQ GYS 238 
AGEDGI SYQPCTANCI GYS 238 
AGEDCl SY QPCTANO GYA 238 
AGEDGI SYQPCT ANCI GYA 238 
AGEDGI YY EPCT^NCTjGYA 235 



AN: FATEPNCHi PEGF SF Nn-.'FLLSNDST LL HCKvvSNOPLL v NClL Al PKi YGLGQFPSFhQTi DGVCHCAAvORAPEALRFni MDTSvl LAEGSI VLHTALGTNF SF yCSNSSDPHLA 



;■ : lJ 



244 



2?0 



2M 



230 



300 



314 



324 



330 



'J- 



360 



ANVFATEPNCHI 
ANVFATEPNCHI 
ANVFATEPNGHI 
ANVFATEPNCHI 
ANVFATEPNCHI 
ANVFATDSNGW 



PEGFSF 
PEGFSF 
PEGFSF 
PEGFSF 
PEGF SF 
PEGF SF 



NMWFLU 
NNV/LLJ 

nnwll; 

NNVfLLS 
NNVvFLLJ 
NNV/LLS 



TLLHGKVVSNQPLL 
LHGKVVSNQPLL 
TLLHGKVVSNQPLL 
TLVHGKVVSNQPLL 
TLVHGKVVSNQPLL 
TLLHGKVVSIMOPLL 



NCLLAI PKI 
VNCLLAI PKI 
VNCLLAI PKI 
VSCLLATPKI 
VNCLLATPKI 
VNCLLAI PKI 



YGLGGf FSF 
YGLGGFFSF 
YGLGQfFSF 
YGLGQf FSF 
YGLGQFFSF 
YGL 



DGVCNGAAVORAPEAL RF Nl 
DGVCMGAAVORAPEALRF Nl 
DGVCNGAAVORAPEAL RF Nl 
DGVCMGAAVORAPEALRF Nl 
DGVCMGAAVORAPEALRF Nl 
RF Nl 



GQFFSF 1HT IDG7CMGAAVDRAPEAL R 



!VI LAEGSI VLHTALG1 
!VI LAEGSI VLHTALG1 
IVI LAEGSI VLHTALG1 
IVI LAEGSI V LHTALG1 
IVI LAEGSI V LHTALG1 
IVI LAEGSI VLHTALG1 



rj-3; 
NSS 

rjss 

MM 
INSS 

MLS tcivss 



)PHLA 358 

5PHL A. 368 

)PHL A 358 

)PHL A 358 

>PHLA 358 

JPHLA 355 



TFAI PLGAI QVPYYCF LK VDTYNSTVYKF L A VLPPTVREI VI TK YGDV Y VNGF GY LHL GLLDAVTLNF TGHGTDDDV SGF WTI ASTNF VDALI EVQGTSI QRI L Y CDDP V S QL KCSQV A F 



370 



333 



390 



40 : 



410 



421 



434 



48 0 



470 



iii. 



TFAI PLGAI QVPYYCF 
TFAI PLGAI QVPYYCF 
TFAI PLGAI QVPYYCF 
TFAI PLGAI QVPYYCF 
TFAI PLGAI QVPYYCF 
I FAI PLGATEVPYYCF 



LK r DT> riST 
LKVDT1 NST 
DT^ NST 



YKFLAVL 
YKFLAVL 
YKFLAVL 
LKVOT^NSTiYKFLAVL 
LKVDT^ NSTfYKF LAVL 
LKVDT1 NST 



PPTVREI VI 
PPTVREI VI 
PPTVREI VI 
PPTVREI VI 
PPTVREI VI 
YKF LA VLPPTVREI VI 



TKYGDVYVNCF GYLHLGLLDAVTL JF 
TKYGDVYVNGF GYLHLGLLDAVTL ^F 
TKYGDVYVNGF GYLHLGLLDAVTL *F 
TKYGDVYVNCF GYLHL6LLDAVTI 4t 
TKYGDVYVNGF GYLHLGLLDAVTI *F 
TKYGOVYVNCFGYLHLGLLDAVTI 



T GHGT DDDV SGF WT I 
T GHGT DDDV SGF WT I 
T GHGT DDDV SGF WT I 
l&HGTDDDVSGFWri 
1 GHGT DDDV SGF WT I 
1 GHGT DDDV SGF WT I 



ASTNFVDALI 
ASTNFVOALI 
ASTNFVDALI 
ASTNFVDALI 
ASTNFVDALI 
ASTNFVDALI 



EVQGTSI QRI 
EVQGT SI OR) 
EVQGTSI ORI 
EVQGT Al ORI 
EVQGT A I QRI 
EVQGT SI ORI 



L Y CDDP V SQL KCSQV AF 478 
L Y CDDP V SQL KCSQV A F 478 
L Y CDDP V S QL KCSQV AF 478 
LYCDDPVSOLKCSOVAF 478 
LYCDDPVSQLKCSQVAF 478 
LYCDDPVSOLKCSOVAF 475 



DLDOGFYPI SSRNLL SHE QPI SFVTLPSF NDHSFVNI TVSASFGGLSGANLI ASDTTI NGFSSFC'.'DT RQFTI SLF YN'/ TMSY GY V SKSQDSNCPF TL QSVNDY L SF SKF Cv STSLL ASA 



JY5CpfO 
JY6C pro 
JY7C pro 
YJ3F p'O 
YJ7C.pfO 
CV777 pro 

Majority 



JY5C pro 
JYSCpfO 
JYTCpfO 
YJ3Fpro 
YJ7Cpro 
CV777pro 

Majority 



JY5C pro 
JYSCpro 
JY7Cpro 
YJ3F pro 
YJ7C.pfO 
CV777pro 



JY5C pro 
JY6CpfO 
JY7C pro 
YJ3F pro 
YJ7C pro 
CV777WO 

Ujjgnty 



JY5C pro 
JYBCpns 
JYTC pro 
YJSF.pro 
YJ7Cpn> 
CvJTfpf* 

usjantj 



JYSC.pfO 
JYeCprft 
JY7Cpro 
YJSF.pfO 

Yjrcpw 

CV777.PW 



JYSC.pra 
JY^Cprp 
JlTCpfO 
VJiFcro 
YJ7Cpro 
CV777.pro 

l.lijOirfi 



JY5CpnJ 
JYSCpto 
JY7C.pfft 
YjSFprs 

Yjrc.pra 

CV777.pf0i 



J 20 



£00 



510 



BBN 



S33 



540 



l;o 



DLDOGFYPI 
DLDOGFYPI 
DLDOGFYPI 
DLDOGFYPI 
DLDOGFYPI 
DLDOGFYPI 



SSRNLL 
SSRNLL 
SSRNLL 
SSRNLL 
SSRNLL 
SSRNLL 



SHE QPI 
SHE QPI 
SHE QPI 
SHE QPI 
SHE QPI 
SHE QPI 



SFVTLPSF NOHSF 
SFVTLPSF NO HSF 
SFVTLPSF NOHSF 
SFVTLPSF NOHSF 
SFVTLPSF NOHSF 
SFVTLPSF NO HSF 



I T/SASF 
I T -: : 
I T*/SASF 
I T . 

I T/SASF 
I T ^SAAF 



GGHSGANL 
GGHSGANL 
GGHSGANL 
GGLSGANL 
GGLSGANLI 
GGLSSANLV 



ASDTTI 
ASDTTI 
ASDTTI 
ASDTTI 
ASDTTI 
ASDTTI 



NCFSSFCVOT RQFTI 
NCFSSFCVDT RQFTI 
NGFSSFCVDT RQFTI 
NGFSSFCVDT RQFTI 
NGFSSFCVDT RQFTI 
NGFSSFCVDT RQFTI 



rTTtflsT 

NVl NSY 
NV1 NSY 
SLF If NVl NSY 
SLF r NVl NSY 
TLF fN'.M NSY 



£70 



£•90 



60 0 



GYVSKSQDSNCPF 
GYVSKSQDSNCPF 
GYVSKSQDSNCPF 
GYVSKSQDSNCPF 
GYVSKSQDSNCPF 
GYVSKSQDSNCPF 



TLQSVNDYLSF 
TLOSVNDYLSF 
TLQSVNDYLSF 
TLOSVNDYLSF 
TLOSVNDYLSF 
TLOSVNDYLSF 



SKFCVSTSLLASA 598 
SKFCVSTSLLASA 598 
SKFCV STSLL ASA 598 
SKFCVSTSLLASA S98 
SKFCVSTSLLASA 598 
SKFCVSTSLLAGA 595 



CTI PL FGYPEFGSG'.'KFT SL YFQFTKGEL I T GTPKPLEG'.'TDVS SUTLDVCTKYT I Y GFKGEGI I TLTN9SFLAGVYYTSD9GQLLAFKNVTSGAVYSVTPCSFSEQAAYVO0OI VGVI S 



814 



I2fl 



630 



844 



6fD 



i t.0 



CTI OLFGYPEFGSGVKFT 
CTI OLFGYPEFGSGVKFT 
CTI OLFGYPEFGSGVKFT 
CTI OLFGYPEFGSGVKFT 
CTI OLFGYPEFGSGVKFT 
CTI OLFGYPAFGSGVKLT 



SLYFQF TKGELI TGTPKPLEGVTDVSSMTLDVCTKYTI Y GFKGEGI I TLT 
SLYFQf TKGEL I TGTPKPLEGVTDVSSMTLDVCTKYTI Y GFKGEGI I TLT 
SLYFQFTKGELI TGTPKPLEGVTDVSSMTLDVCTKYTI Y GFKGEGI I TLT 
SLYFQFTKGEL I T GTPKPLEGVTDVSFMTLDVCTKYT I Y GFKGEGI I TLI 
SLYFQFTKGELI T GTPKPLEGVTDVSFMTLDVCTKYT I Y GFKGEGI I TLI 
SLYFQFTKGELI TGTPKPLEGI TDVSFMTLDVCTKYTI Y GFKGEGI I TLT 



6 SO 



72 0 



LACVYYTSDSGQLLA 
LACVYYTSDSGQLLA 
LACVYYTSDSGQLLA 
LACVYYTSDSGQLLA 
LACVYYTSDSGQLLA 
LACVYYTSDSGQLLA 



k^vTSGAVYSVTPCSFSEQAAYVDDCI VGVI S 718 
vrSGAVYSVTPCSFSEQAAYVOCCI VCVI S 718 
SGAVYSVTPCSFSEQAAYVOOOI VGVI S 718 
SGAV YSVTPCSF SEQAA YV DOOI VGVI S 718 
SGAVYSVTPCSFSEQAAYVOOOI VGVI S 718 
SGAV YSVTPCSFSEQAAYVNOOI VGVI S 715 



SLSSSTFNSTRELPGF FY HSNOGSNCTEPVL VYSNI GVCKSGSI GYVPSQSGQVKI A PTVTGNI SI PTNFSMSI RTEYLOL YNTPVSVDCATYVCNGNSRCKQLLTQYTAACKTI ESALQ 



1 RE L P GF F Y H$ NDQi NCT{ PVL VYSNI < 
NSlRELPGF FY HSNDG5 NCT( PVL VYSNI < 
NSlRELPGF FYHSNDGJ NCTEPVLVYSNI < 



I GVCKSGSI 
I GVCKSGSI 
I GVCKSGSI 

SL SSSTFNST RELPGF FY HSNDG^NCTdPVL VYSNI GVCKSGSI 
I GVCKSGSI 
l GVCKSGSI 



NSLRELPGF FYHSNDGJ NCTI PVLVYSNI < 
iELPGF FY HSNDC4 NCTJ PVL VYSNI < 



760 



77D 



7 SO 



GYVPSQSGQVKI 
GYVPSQSGQVKI A 
GYVPSQSGQVKI A 
GYVPSQSGQVKI A 
GYVPSQSGQVKI A 
GYVPSQYGQVKI A 



ptvtq|JI § 

ptvtcji s 
ptvtgji s 
PMVTC^I S 
PMVTC^I S 
PTVTCJI S 



Tfrf-51 



S10 



820 



M8 



844 



m 

PTtjF S JSI 

PT NF S JSI 
PPj: S IS I 
PT -JF S IS I 
PT 'if S IS I 



RTEYLOL 
RTEYLOL 
RTEYLOL 
RTEYLOL 
RTEYLOL 
RTEYLOL 



YNTPVSVOCATY 

YNTPVSVDCATY 

YNTPVSVOCATYV 

YNTPVSVDCATYV 

YNTPVSVOCATYV 

YNTPVSVDCATY 



CN GN S RCKQL LTQYTAACKTI 
CNGNSRCKQLLTQYTAACKTI 
CNGNSRCKQL LTQYTAACKTI 
CNGNSRCKQLLTQYTAACKTI 
CNGNSRCKQLLTQYTAACKTI 
CN GN SRCKOL L T QY TAACKT I 



ESALQ $38 
ESALQ 838 
ESALQ 838 
ESALQ 838 
ESALQ 838 
ESALQ 835 



LSARLESVE.'NSMLTI SEEALGLATI SSF UZDCf UFJt J. L G: S . V DP- SGR: 0K.RS F I EDLLFNK'.'VTfJGLCTVDEDYKRCSrJGRS. . ^ PL .' C- Q Y >' S G. I.I , L PG. ■ OA EKLHI.IYSASLI 



Sit) 



MO 



9 SO 



910 



9; Ll 



930 



M0 



wo 



LSaRl ESvEvnSMLTi SEEALQLATl SSFNGOGY 
LSARL ESVEVNSMLTI SEEALQLATl SSFNGDGY 
LSARL ESVEVNSMLTI SEEALQLATl SSFNGOGY 
LSARL ESVEVNSMLTI SEEALQLATl SSFNGOGY 
LSARL ESVEVNSMLTI SEEALQLATl SSFNGDGY 
LSARL ESVEVNSMLTI SEEALQLATl SSFNGDGY 



NVLGvSvYDPASCftvvOKRSFl EOLLFNKvvTNGL GTvOEOYKftCS nGRSvaDLvCaQY YSGvWvlPGwOaEKLHMYSaSli 
NVLGVSV YDPASGRVVQKRSFI EOLLFNKVVTNGL GTVDEDYKRCSNGRSVADLVCAQY YSGVMVLPGVVOAEKLHMYSASLI 
NVLCV$VYDPASGRVVQKR$FI EOLLFNKVV TNQL GT VOEDYKRCS NGRSV AQL VCAQY Y$ GVMVLPGVV OA EKLHMYSASLI 
NVLGVSV YDPASGRVVQKRSFI EOLLFNKVVTNGL GTVDEDYKRCSNGRSVADLVCAQY YSGVMVLPGVVOAEKLHMYSASLI 
NVLGVSV YDPASGRVVQKRSFI EOLLFNKVV TNGLGTVDEDY KRCS NGRSV ADLVCAQY YS GVMVLPGVV DA EKLHMYSASLI 
NVLGASV YDPASGRVVQKRSVI EOLLFNKVVTNGL GTVDEDYKRCSNGRSVADLVCAQY YSGVMVLPGVVOAEKLHMYSASLI 



GGHVL GGF T 5 A AAL FF SV A^ OA RL NY l A L CiT &v t ORr ft .._ . - 1 QNI TSAFESVjgAj SOTS Ij - LTKVQI \ aLGH^FQAi SSSI DQi YSRLQi LS 



wo 



GGWVLGCFTSAAALPF SY AVOARL NYLALQT DV LQRNQQL LAES 
GGMVLGGFrSAAALPFSYAVOARLNYLALQTLYVL ORHQQL LAES 
GGMVL GGF T S A AAL FF SY A V OA RL NY L A L QT DVL QRNQQL L A S S 
GGUVL GCFT SAAAL PF SY AVOARL NYLALQT DVL QRNQOL LAES 
GGM L GGF TSAAALPF SY A.V OA RL N f L A L QT DV L QRNQOL LAES 

gGualGGi TaaaalPF SyavOaRlnylalQY &vlQRnQQlla£8 



lei* 



FNSAI 

FNSAI dkji 
FNSAI G II 
F NSAI a 41 
FNSAI G Ml 
P nSai 6 41 



1020 
5AFESVKEAI 
T JAFESVKEAI 
T SAFESVKEAI 
T JAFESVKEAI 
T : - ' £ S . KE - ' 
r KE Al 



*:..<-,. 



1: 



8QTSKGL 
5QTSKGL 
SQTSKGL 
SQTSKGL 
SQTSKGL 



NTVAK4L T KVQEV VNSQGAALTQLT VOL 
KTVAHAL TKVQEV VNSQGAALTQLT VOL 
NTVAKAL TKVOEVVNSQGAALTQLTVa 
NTVAKAL T KVQEV VNSQGAALTQLTVQL 
NT VAHAL T KVQEV V N SQGA AL T QLT VOL 

mTvahal T k '.■ c e v v r j s 0 gs a l nq.lT vol 



1060 

QHJNFOAI 
QHNFOAI 
QHNFQAI 
QHNFOAI 
QHNFOAI 
QHNFOAI 



l07Ct 
SSSI DDI Y 
SSSI DDI Y 
SSSI OOI Y 
SSSI DOVY 
SSSI DDV\ 
SSSI DDI Y 



10*0 

SRLCH LS 1078 

SRLOI L5 1073 

SRLDI LS 107B 

SRLCH LS 107B 

SRLOI LS 1079 

SRLCH LS 10?£ 



ADVOVORLI TGRLSAL NAf VAQI L TkyTEvQaSRKL ApCk ■ TJj C . k:,0-SORyGFCGGOGEH] F SL vQAAPQGL Lf LHTULVPGQF VDVi Al flGLCVNOEl ALTlREPGLVLFThElONHT 



r:-o 



1 1 j :• 



1 1 ? 0 



i ' "0 



A DVQV DRL I T GRL 5 A L NA F V A QT LT KT T E V QASRKL A QQK V NE CV K 5Q3QRY GF CGGDG EH3 F 
A D'. r QV DRL I ¥ GRL S A L Hk F V A QT L T KV T E V CUk SRKLAQOKV NE CV K SQSQRY GF CGGDG EHI F 

ADVOVORLI tgrlsalnafvaqtltkytevoasrklaqokvnecvk^qsqrygfcggdgemi f 

ADVOVORLI TGFU.5ALNAFVSQFLTKVTEVOiASRKLAQQKVNECVI<S05QRYGFCGC:DGEW F 
A DVQV ORL I T GRL S A L MA F V SQF L T KT T g V OA SRKL A DDK V ME CV KS09QRY GF CGGOG EHI F 
A DVQV DRL I TGRLSALNAFV AQFLTKYTEVQASRKLAQQKVNECVKSQSQRYGf CGCDGEHI F S L VOAAPQG LLFL HTV LVPGDFV NVL Al AGLCVNGEI ALTLREPGL VL FT HELQT YT 1195 

ATFJVF V55RRHFEPRKPT V5DF VQI E5CYVT VVIjLTRDQLPDVI P&YI CVHKlLOEI LA 51PNRTGP5L5-LDVF WATVLHLTCEt ADL EOR5ESL RNT TE ELOSLI YMI HHTLVDLEW.H 



I F5LVQA\APQGLLFLHTVLVPGDFVDYJ Al AGLCVHDEI ALTLREFGL VL FT HELfW 
I FELVQAAPGGLL FLHTVLVPGDF VDV1 Al AGLCVNDEI ALTLREPGLVLFTHEL ONHT 
1 FSL VOAAPQG LLFLMTVLVPGOFVDVI Al AGLCVNDEI AL TLREPGL VL F T HELaWt 
I F5LVOAAPQG LLFL HTV LVPGDFV DVI Al AGLCVNDEI ALTLREPGL VL FT HEL<UvlHT 
I f SL VOAAPQG LLFL WT V L VFGCFV DVI Al AGLCVNDEI ALTLREPGL VL FT HEL( 



11?3 
11S2 



ATEYF VSS RRMF EPRK.PT VSDF VQI 
ATEYF VJSRRUFEPRKPTVSOF VOl 
ATEYF VS5RRMFEPRKFT VSDF VQI 

ATEYF VSS RRM FEPRKPT V £DF VQI E SCV V T Y l| WL T t DQL PDV I 
ATEYF VSSRRMF6PRK.PT VSDFVOl ESCVVTY1 WLTI IDOJLPDVI 
ATEVFVSSHRUFEPRKPTVSDFVQI ESCVYTY^NLT iDOLPDVI 



ESC, . ' V J.!!_TftDQLPDVI 

ESCWTY1 NLT SDOLPDVI 
E5CVVTY1 MLT tDQLPDVI 



PDYI I 
PDYI < 
FDTI I 
PDYI I 
PDYI I 
PD7I I 



WAT f\, MLT 
mi fi. NLT 



.□SI 
.DEI 
.DEI 

.DEI LASLriNRTjGPSLPLDVfj fJATlf LlNLTfcEl 
.DEI LASLSNR1GPSLP-LDVI NftTfLNLTSEI 
.DEI LA SLi HR1 GPSLPLD'/I NAT tl NLT SEI 



I LA SLi 

I LASLIWRlJCPSL^LDVI 
I LASLIHRlGPSLSLDVf N4T|rL|NL 



12B0 
ADL EQRSESL I 
ADLEORSeSLl 
ADL EQR5ESLI 
ADL EQRSE3L I 
ADL EQRSESL I 
ADLEORSE5LI [NTT 



" 1 1 J 



- 



LI NTT 
1JINTT 
ILtlNTT 
l fi'jt t 

LI INT T 



ELOSLI 
EL05LI 
: ELOSLI 
:elcsli 

! ELOSLI 
ELRSLI 



RVETYI KVFVWWYiLt I FI VLI FVVSLLVFCCI STGCCGCCGCCCACFSGCCRGPRLQPY EVFEKVHVQ- 



RVETYI 
RVETYI 
RVETYI 
RVETYI 
RVETYI 
RVETYI 



1330 
KVFVWWWLI I 
KVPVttWYLt I 
KMPWWU\y_« I 
KWV^VJ.1 I 
KSIPVWVYi.1 I 



1?J0 



137 Li 



H VLI FVVSLLVFCCI 
FI VLI FVVSLLVFCCI 
FI VLI FVVSLLVFCCI 
FI VLI FVVSLLVFCCI 
FI VLI FVVSLLVFCCI 
VI VLI FVVSLLVFCCI 



STGCCGCC . RGPRLGPY 
ST GCCGCCGCCCACiF SCCCRGPRL OPY 
ST GCCGCCGCCCA C F SGCCRGPRL QPY 
ST GCCGCCGCCCA Cf SCCCRCPRLQPY 
STGCCGC CGCCCA C F SGCCRGPRL QPY 



EVFEKVHYQ 
EVf EKVUVQ 
:EVFEKVHV<1 
EVFEKVl-IVQ 
EVF EKVUVQ. 
EAFEKVHVQ 



Yt.lllliJTl '. DLE ."JLN 1113 
VNI MNT VDLEvM.kl 131S 
YMI NNT . VDL EMLM 131B 
YNI NNT VDLEViLN 131& 
YNI NNT VDLEViLN 1318 
MM NUT VOLEMLH 1315 



l;S7 
1 ?87 

1387 

136? 



Viruses 2013, 5 



1996 



Table 1. Comparison of the nucleotide and deduced amino acid sequences of S genes of PEDV (porcine epidemic diarrhea virus) reference 
strains and PEDV outbreak in Gansu, China. 



Virus strian 


1 


2 


3 


4 5 


1 JY5C 




llOQ.O 100.0 99.3 99.3 


2 JY6C 


ioo.oB 


100.0 99.3 99.3 


3 JY7C 


100.0 ioo.o^E 


|99.3 99.3 


4 YJ3F 


99.0 


99.0 


99.0 


Ul00.( 


5 YJ7C 


99.0 


99.0 


99.0 


99^E§ 


6 CHI 


97.9 


97.9 


97.9 


97.6 97.6 


7CH2 


95.1 


95.1 


95.1 


94.9 94.9 


8CH3 


92.8 


92.8 


92.8 


92.8 93.0 


9CH4 


92.8 


92.8 


92.8 


92.8 93.0 


10CH5 


94.6 


94.6 


94.6 


94.5 94.5 


11 CH6 


95.1 


95.1 


95.1 


94.9 94.9 


12CH7 


94.6 


94.6 


94.6 


94.3 94.3 


13CH8 


98.1 


98.1 


98.1 


98.0 98.0 


14CHGD01 


98.1 


98.1 


98.1 


97.9 97.9 


15 CH-FJND-1-201 1 93.8 


93.8 


93.8 


94.0 94.1 


16 CH-FJND-2-201 1 95.1 


95.1 


95.1 


95.2 95.4 


17 CH-FJND-3-201 1 97.0 


97.0 


97.0 


97.1 97.3 


18 DX 


95.3 


95.3 


95.3 


95.2 95.2 


19LZC 


92.8 


92.8 


92.8 


92.6 92.8 


20 LJB-03 


94.9 


94.9 


94.9 


94.8 94.8 


21 JS-2004-2 


95.7 


95.7 


95.7 


95.5 95.5 


22 CHS 


93.3 


93.3 


93.3 


93.3 93.5 


23 KUN-0901 


94.7 


94.7 


94.7 


94.7 94.8 


24 KUN-0902 


96.4 


96.4 


96.4 


96.1 96.3 


25 KUN-0903 


95.0 


95.0 


95.0 


94.8 95.0 


26 KUN-0904 


94.1 


94.1 


94.1 


94.0 94.2 


27 KUN-0905 


94.7 


94.7 


94.7 


94.6 94.7 


28KUN-0801 


94.1 


94.1 


94.1 


94.194.2 


29 KUN-0802 


96.6 


96.6 


96.6 


96.6 96.8 


30 Parent DR13 


93.7 


93.7 


93.7 


93.6 93.7 


31 Attenuated DR13 


92.8 


92.8 


92.8 


92.8 93.0 


32 Chinju99 


92.5 


92.5 


92.5 


92.5 92.6 


33 MK 


93.4 


93.4 


93.4 


93.1 93.3 


34 NK 


93.9 


93.9 


93.9 


94.194.2 


35 KH 


93.9 


93.9 


93.9 


93.7 93.9 


36 CV777 


93.7 


93.7 


93.7 


93.6 93.7 


37Brl-87 


93.6 


93.6 


93.6 


93.4 93.6 



8 



10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 



97.6 95.1 93.4 93.4 95.1 95.2 94.4 98.4 97.7 94.6 95.3 97.5 95.0 93.3 94.9 95.7 93.4 95.1 97.1 95.9 95.0 95.8 94.7 96.5 93.8 93.2 93.6 93.2 94.5 94.3 93.8 93.7 
97.6 95.1 93.4 93.4 95.1 95.2 94.4 98.4 97.7 94.6 95.3 97.5 95.0 93.3 94.9 95.7 93.4 95.1 97.1 95.9 95.0 95.8 94.7 96.5 93.8 93.2 93.6 93.2 94.5 94.3 93.8 93.7 
97.6 95.1 93.4 93.4 95.1 95.2 94.4 98.4 97.7 94.6 95.3 97.5 95.0 93.3 94.9 95.7 93.4 95.1 97.1 95.9 95.0 95.8 94.7 96.5 93.8 93.2 93.6 93.2 94.5 94.3 93.8 93.7 
1 97.6 95.1 93.5 93.5 95.1 95.2 94.4 98.4 97.7 94.7 95.3 97.5 95.0 93.3 94.9 95.6 93.5 95.2 97.0 95.8 94.9 95.7 94.7 96.7 93.8 93.3 93.7 93.2 94.6 94.2 93.8 93.8 
|97.6 95.1 93.6 93.5 95.1 95.2 94.4 98.4 97.7 94.7 95.4 97.6 95.0 93.4 94.9 95.6 93.6 95.2 97.0 95.9 95.0 95.8 94.8 96.7 93.9 93.4 93.7 93.2 94.6 94.3 93.9 93.8 
|94.5 93.4 93.3 94.5 94.6 95.8 98.4 98.5 94.2 94.9 97.1 94.6 92.9 94.5 94.9 93.0 94.8 96.5 95.4 94.8 95.3 94.5 96.2 93.5 93.2 93.3 93.1 94.3 94.1 93.4 93.4 
94.6^B95 > 8 95.8 99.5 99.6 97.6 95.3 94.0 96.8 95.9 94.4 97.3 95.2 97.2 98.4 95.6 93.1 93.9 93.8 92.9 93.8 92.8 93.6 95.8 95.6 92.6 95.2 93.0 92.7 95.7 95.6 
92.9 953^H99J 95.8 96.0 95.8 93.7 93.1 97.6 96.6 94.4 96.0 96.2 95.9 96.3 96.6 94.0 93.4 93.5 93.0 93.4 94.2 93.6 96.8 99.5 93.8 97.6 94.2 94.2 96.8 96.7 
92.9 95.3 9^4^B95£ 95.9 95.7 93.6 93.0 97.5 96.6 94.3 95.9 96.2 95.8 96.2 96.6 94.0 93.3 93.4 92.9 93.3 94.1 93.5 96.8 99.4 93.7 97.5 94.2 94.1 96.8 96.7 

94.1 99.1 94.9 ^^B^ 97.6 95.3 94.0 96.7 95.9 94.3 97.3 95.2 97.2 98.4 95.6 93.1 93.9 93.8 92.9 93.8 92.8 93.6 95.8 95.6 92.6 95.2 93.0 92.7 95.7 95.6 
94.6 99.6 95.4 95.4 99J^B97 > 7 95.4 94. 1 96.9 96.1 94.5 97.4 95.4 97.3 98.5 95.7 93.3 94.0 93.9 93.0 93.9 93.0 93.8 96.0 95.7 92.8 95.3 93.2 92.9 95.9 95.8 
95.6 97.5 95.3 95.3 97.0 975^B94J 95.1 96.5 95.6 94.0 97.2 94.9 97.0 97.8 95.3 92.8 93.5 93.5 92.9 93.5 92.6 93.4 95.4 95.5 92.3 95.1 92.7 92.4 95.4 95.3 
98.6 95.0 92.9 92.9 94.6 95.0 9a2^^91^5 94.6 95.3 97.4 94.9 93.3 94.8 95.6 93.4 95.2 96.9 95.8 95.0 95.7 94.8 96.5 93.8 93.5 93.5 93.4 94.7 94.5 93.8 93.7 

98.2 93.9 92.7 92.7 93.5 93.9 94.6 91A^^943 95.0 97.1 94.4 92.9 94.4 94.7 92.9 94.6 96.5 95.3 94.5 95.3 94.4 96.3 93.4 92.9 93.4 92.9 94.2 93.9 93.4 93.4 
93.6 96.0 97.3 97.2 95.6 96.1 95.7 93.8 93J^B98£ 96.7 96.8 95.9 96.7 97.3 96.0 93.2 94.2 94.2 93.2 94.1 93.3 94.1 96.4 97.3 93.1 96.1 93.4 93.3 96.4 96.3 
94.9 95.0 96.1 96.0 94.6 95.1 94.7 94.8 94.9 ^^B^ 96.1 95.2 96.0 96.5 95.3 93.6 94.9 94.5 93.6 94.5 93.7 94.7 95.7 96.4 93.4 95.3 93.8 93.5 95.8 95.7 
96.8 93.8 93.8 93.8 93.3 93.8 93.4 96.7 96.6 96.3 91^^945 93.6 94.5 94.9 93.7 95.1 96.9 95.9 95.0 95.8 95.1 96.5 94.1 94.2 93.9 93.7 94.9 94.8 94.1 94.1 

94.8 97.2 95.4 95.4 96.9 97.2 97.0 95.0 94.6 96.5 95.5 9AA^^95^5 99.1 98.1 95.9 93.2 94.2 94.3 93.4 94.2 93.1 94.0 96.0 95.7 93.0 95.3 93.2 93.0 96.0 95.9 

92.3 94.8 94.9 94.9 94.4 95.0 94.6 92.3 92.6 94.9 94.2 92.7 9A^^95A 95.9 95.8 93.4 93.1 93.2 93.0 93.2 93.5 93.5 99.4 96.0 93.8 95.5 93.7 93.3 99.5 99.4 

94.4 96.9 95.2 95.2 96.6 96.9 96.7 94.6 94.3 96.0 95.0 93.8 98.6 ^^B^O 95.8 93.2 94.2 94.1 93.3 94.1 93.1 93.9 96.0 95.6 92.9 95.2 93.1 92.9 96.0 95.9 

94.9 98.0 95.8 95.8 97.6 98.0 97.6 95.3 94.7 96.7 95.7 94.4 98.0 95.4 978^B%£93.6 94.7 94.6 93.7 94.6 93.3 94.4 96.4 96.1 93.1 95.7 93.4 93.2 96.4 96.3 

93.0 95.4 96.1 96.1 95.2 95.5 95.2 93.1 93.0 95.6 94.6 93.3 95.7 95.2 95.4 96J^H94£ 93.9 93.9 93.4 93.8 93.7 93.7 96.3 96.3 93.5 95.8 94.0 93.4 96.4 96.3 
94.4 92.9 93.4 93.3 92.5 93.1 92.5 94.7 94.4 92.7 93.5 94.5 93.0 92.8 92.7 93.3 9X6^^95A 95.5 95.1 95 A 91.9 95.8 93.9 93.7 96.0 93.4 96.7 94.7 93.9 93.9 
95.9 93.1 92.4 92.4 92.9 93.1 92.8 96.0 95.9 93.0 94.2 96.0 93.6 92.3 93.2 94.1 93.5 9A^^91^ 95.3 97.6 94.9 96.5 93.6 93.1 93.8 92.9 94.6 94.3 93.6 93.6 

94.4 93.1 92.6 92.5 92.8 93.3 93.1 94.7 94.4 93.1 94.1 94.8 93.6 92.3 93.1 94.1 93.5 95.1 96^^96^ 99.8 95.1 95.8 93.7 93.2 94.1 92.9 95.1 94.6 93.8 93.7 
93.9 92.5 92.0 92.0 92.1 92.8 92.4 93.9 93.8 92.3 93.3 93.9 92.8 91.9 92.5 93.1 92.8 95.3 94.0 96^^B96J 95.1 96.2 93.5 92.7 93.9 92.3 95.0 94.2 93.5 93.5 
94.2 93.1 92.4 92.3 92.8 93.2 93.0 94.4 94.2 92.9 93.8 94.6 93.4 92.2 92.9 94.0 93.3 95.0 96.2 99.6 9^4^B95_0 95.7 93.6 93.1 94.0 92.9 94.9 94.5 93.7 93.6 
94.2 92.3 93.6 93.5 91.9 92.5 92.2 94.2 94.2 92.8 93.6 94.5 92.8 92.7 92.4 93.0 93.3 97.9 94.1 94.7 94.5 9l4^B9^4 94.1 93.9 97.8 93.6 97.9 95.0 94.1 94.0 

96.2 93.5 92.8 92.8 93.1 93.6 93.2 96.3 96.5 93.6 94.7 96.2 93.8 92.7 93.4 94.2 93.4 95.4 96.4 95.5 94.9 95.2 ^^B^O 93.3 94.2 93.0 95.1 94.6 94.1 94.0 

93.3 95.7 95.9 95.9 95.4 96.0 95.4 93.3 93.5 95.7 95.0 93.5 95.7 98.9 95.4 96.2 96.0 93.6 93.1 93.1 92.7 93.0 93.6 93^^896^6 94.3 96.0 94.2 93.9 99.9 99.8 

92.8 95.2 99.2 99.1 94.8 95.3 95.2 92.8 92.6 97.0 95.9 93.7 95.3 94.8 95.0 95.7 95.8 93.1 92.3 92.5 92.0 92.3 93.3 92.8 95J^B93_5 97.3 94.0 93.9 96.5 96.4 
92.3 90.9 92.0 92.0 90.5 91.2 90.9 92.3 92.5 91.6 92.2 92.8 91.5 92.0 91.2 91.8 92.0 95.4 92.5 92.8 92.7 92.6 97.3 93.6 92.8 9L9^B933 96.3 93.8 94.4 94.4 

93.5 94.9 96.6 96.5 94.5 94.9 95.1 93.3 93.3 95.4 94.7 93.5 95.2 94.8 94.9 95.5 95.5 93.3 93.1 92.9 92.2 92.7 93.8 93.4 95.6 96.3 92^^9^ 93.7 96.1 96.0 

93.9 92.8 93.7 93.6 92.3 93.0 92.6 94.0 93.8 93.0 93.7 94.2 93.1 92.9 92.7 93.5 93.8 96.3 93.7 94.4 94.2 94.2 97.5 94.7 93.8 93.5 95.5 9AA^^952 94.2 94.2 
93.8 92.7 93.1 93.0 92.3 92.8 92.3 94.0 93.7 92.3 93.2 93.8 92.7 92.3 92.3 92.9 93.1 94.2 93.4 94.1 93.4 93.9 94.6 94.1 93.3 92.9 92.8 93.7 94^^B9^8 93.8 
93.3 95.7 95.9 95.9 95.3 95.9 95.4 93.3 93.6 95.9 95.2 93.6 95.7 99.1 95.4 96.2 96.2 93.7 93.2 93.2 92.8 93.1 93.6 93.6 99.7 95.7 93.0 95.7 93.8 932^B99.9 

93.1 95.4 95.6 95.6 95.1 95.6 95.2 93.1 93.4 95.6 94.9 93.5 95.4 98.8 95.2 96.0 95.9 93.6 93.1 93.1 92.7 93.0 93.5 93.5 99.4 95.4 93.0 95.4 93.8 93.1 99 j\ 

Nucleotide identity (%) in upper triangle; Deduced amino acid identity (%) in lower triangle. 
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Table 2. The S genes' nucleotide and deduced amino acid identities of five strains from 
our study (JY5C, JY6C, JY7C, YJ3F, and YJ7C) with the other PEDV reference strains. 



The other strains 



Nucleotide identities Deduced amino acid identities 



CH8 (one Chinese PEDV strain) 
CV777 vaccine strain 
Previous domestic strains (DX, LZC, LJB-03, 
JS-2004-2, and CHS) 
Japanese strains (MK, NK, and KH) 
European strain (Br 1-87) 
South Korean strains (KNU-0801, KNU-0802, 
KNU-0901, KNU-0902, KNU-0903, KNU-0904, 
and KNU-0905) 



98.40% 98.0%-98.1% 
93.8%-93.9% 93.6%-93.7% 



93.3%-95.7% 



94.7%-97.1% 



93.2%-94.6% 
93.7%-93.8% 



92.6%-95.7% 



93.1%-94.2% 
93.4%-93.6% 



94.1%-96.8% 



2.3. Phylogenetic Analysis of the S Gene 

Phylogenetic analysis of the nucleotide sequences of the S gene revealed three major clusters, and 
the third group has two subgroups (3-1 and 3-2). All PEDVs isolated from China in our study belonged 
to subgroup 3-1 (Figure 3). Group 1 comprised one strain from South Korea (KNU-0904). Group 2 
comprised three strains from South Korea (KNU-0801, KNU-0901, and Chinju 99) and two strains 
from Japan (NK and KH). Subgroup 3-1 comprised five strains from our study (JY5C, JY6C, JY7C, 
YJ3F, and YJ7C), three strains (CHI, CH8, CHGD-01) that were identified from China in 2011 and 
four strains from South Korea KNU-0802, KNU-0902, KNU-0903, and KNU-0905). Group 3-2 
comprised 15 strains from China (vaccine strain CV777, CH2, CH3, CH4, CH5, CH6, CH7, CHS, 
LZC, DX, LJB-03, JS-2004-2, CH/FJND-1-2011, CH/FJND-2-2011, and CH/FJND-3-2011), two 
strains from South Korea (parent DR13 and attenuated DR13), one strain from Great Britain (Br 1-87), 
and one strain from Japan (MK). The five variant strains from our study (JY5C, JY6C, JY7C, YJ3F, 
and YJ7C), two strains (CH8 and CH/FJND-3-2011) that were identified from China, and five PEDV 
isolates from South Korea (KNU-0802, KNU-0902, KNU-0903, and KNU-0905) shared a 4-aa 
insertion (at positions 56-59 of the S protein), 1-aa insertion (at position 140 of the S protein), and 2-aa 
deletions (at positions 163-164 of the S protein), compared with CV777 (Figure 4). Our results 
indicate that the North Chinese PEDV strains from our study had a close relationship with the South 
Korean strains and mapped phylogenetically to the same branch. However, they differed genetically 
from the European strains (including the vaccine strain CV777) and the early domestic strains. Similar 
to the result by Li et al. [9], the appearance of strains from China similar to those from South Korea 
and their function in the recent PED outbreak in South China, should be further investigated. 

2.4. Antigenicity Analysis of the S Gene 

The PEDV S protein is a type I glycoprotein. Its neutralizing epitopes contain COE (499-638 aa), SS2 
(748-755 aa), SS6 (764-771 aa), and 2C10 (1,368-1,374 aa) [3-5], and regions of the alignment 
sequences (Figure 5) correspond to these regions are COE (504-643 aa), SS2 (753-760 aa), SS6 
(769-776 aa), and 2C10 (1,373-1,379 aa). In our study, compared with the vaccine strain CV777, 
eight mutations (A^S at 517, S^G at 523, V^I at 527, T^S at 549, G^S at 594, A^E at 605, 
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L— >F at 612, and I— >V at 635) were found in all the five PEDV strains from our study (JY5C, JY6C, 
JY7C, YJ3F, and YJ7C) and one mutation (L^H at 521) was found in JY5C, JY6C, and JY7C in the 
neutralizing epitope COE. Compared with the vaccine strain CV777, one mutation (Y— >S at 766) was 
also found in all the five PEDV strains from our study (JY5C, JY6C, JY7C, YJ3F, and YJ7C) in the 
neutralizing epitope SS6. However, compared with the vaccine strain CV777, no mutations were found 
in the five PEDV strains from our study (JY5C, JY6C, JY7C, YJ3F, and YJ7C) in the neutralizing 
epitopes SS2 and 2C10 (Figure 5). Similar to other coronavirus S proteins, the PEDV S protein is a 
glycoprotein peplomer (surface antigen) on the viral surface, with a pivotal function in stimulating 
induction of neutralizing antibodies in the natural host. Thus, the S glycoprotein is a primary target for 
the development of effective vaccines against PEDV. Further research is needed to determine whether 
the amino acid changes in the Gansu strains from our study result in any antigenicity changes. 

Figure 3. Phylogenetic trees of PEDV strains generated by the neighbor-joining method 
with nucleotide sequences of the full-length spike genes. Bootstrapping with 1,000 replicates 
was performed to determine the percentage reliability for each internal node. PUR46-MAD 
is an out group control. Horizontal branch lengths are proportional to genetic distances 
between PEDV strains. Black circles indicate PEDV isolates from the 2012 outbreak in 
Gansu Province, China. Scale bar indicates nucleotide substitutions per site. 
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Figure 4. Alignment of amino terminal 1-238 amino acid of S proteins of Gansu PEDV 
strains and reference strains. Ellipses represent the consensus amino acids. Boxes indicate 
deleted amino acids compared with CV777. Shadows indicate the inserted amino acids 
compared with CV777. 



Majority 



CV777.pro 

JY5C.pro 

JY6C.pro 

JY7C.pro 

YJ3F.pro 

YJ7C.pro 

CH8.pro 

CH-FJND-3-2011.pro 

KNU-0802.pro 

KNU-0902.pro 

KNU-0903.pro 

KNU-0904.pro 

KNU-0905.pro 



MKSLTYFWLFLPVLSTLSLPQDVTRCSANTNFRRFFSKFNVQAPAVVVLGGYLPI 



3VNSTVWCAGQHPTASGVHGI 



Majority 



CV777.pro 

JY5C.pro 

JY6C.pro 

JY7C.pro 

YJ3F.pro 

YJ7C.pro 

CH8.pro 

CH-FJND-3-2011.pro 

KNU-0802.pro 

KNU-0902.pro 

KNU-0903.pro 

KNU-0904.pro 

KNU-0905.pro 

Majority 



CV777.pro 

JY5C.pro 

JY6C.pro 

JY7C.pro 

YJ3F.pro 

YJ7C.pro 

CH8.pro 

CH-FJND-3-2011.pro 

KNU-0802.pro 

KNU-0902.pro 

KNU-0903.pro 

KNU-0904.pro 

KNU-0905.pro 



10 



20 



30 



40 



50 



70 



30 



QST. 



GTGI E. 



. R. . I . . L. . V. . . P H 


PTANJ 




. R A 


H 


. R. P N. ... V. ... Q S 


/DAPR RYD 


. R PI N. ... V. ... Q S 


/DAPS RYD 


. R L. ... PI N. ... V. ... Q S 


/DA PR RYD 


FLSHI RGGHGFEI Gl SQEPFDPSGY QLYLHKATNGNTNATARLRI CQFPSI KTLG 


DVTTGRNCLFNKAI PAHMSE 


i i i i i 

90 100 110 120 130 
■ i i i i 


1 r 

0 150 160 
• i 


Y DS Q 1 DN 


V 


Y. RD 


. V 




. V 




. V 




. V 




. V 






S 






S 








S N 




S N 


Y. . . 


S N 









155 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 



HS- - 



GKDI 



VGI TWDNDRVTVFSDKI YHF YFKNDWSRVATKCYNSGGCAMQYVYEPTYYMLNVTSAGEDGI SYQPCTANCI GYA 



170 



180 



190 



200 



210 



220 



230 



240 



RRS. 



Y. E. 





Y 










s 




Y 










s 






p 


Y 








. T 






V 




Y 


H 








p 


A. . 




. L. . . . 


S 


K. I 




L 


A. . 




. L. . . . 


S 


K. I 




L 


A. . 




. L. . . . 


S 


K. I 




L 



235 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 
238 



2.5. Discussion 



RT-PCR amplification and sequencing analysis of the full-length PEDV S genes were used to 
investigate the isolates from diarrhea samples from local pig farms with severe diarrhea in piglets. The 
variant strains were detected in this study, implying an identical distribution profile for PEDV on pig 
farms in Gansu, China. The sequence insertions and deletions in the S gene and mutations in the 
antigenic regions found in variant strains possibly provided stronger pathogenicity and antigenicity to the 
new PEDV variants that influenced the effectiveness of the CV777-based vaccine, ultimately causing the 
2012 outbreak of severe diarrhea in the porcine farms of Gansu Province, China. Future studies should 
investigate the biological functions of these particular insertions, deletions, and mutations. 
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Figure 5. Alignment of amino acid sequences of S proteins of Gansu PEDV strains and 
reference strains. Ellipses represent the consensus amino acids. Boxes indicate substitution 
amino acids compared with CV777. Shadows indicate the neutralizing epitopes (COE, 
SS2, SS6, and 2C10 motif). 
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3. Experimental 

3.1. Sample Collection 



A total of 17 samples (fecal and intestinal) were collected from seven dead piglets showing signs of 
watery diarrhea and dehydration from two farms in Gansu Province, China (Table 3). These samples were 
collected individually and placed in separate sterile specimen containers. Samples were homogenized with 
PBS. The suspensions were vortexed and centrifuged for 10 min at 10,000 x g. The supernatants were 
stored at -80 °C before use. 



Viruses 2013, 5 



2001 



Table 3. Current farm status in China. 



Farm 


No. of 

sows 


Vaccination a 


Illness rate 

(%/y) 


Mortality 
rate (%) 


(Yongjing Tai Chi Breed Co., Ltd.) YJ 


400 


Yes 


80 


60 


(Hoggery of Science and Technology Breed Park of 
Jiugang Hongfeng Company) JY 


2000 


Yes 


80 


60 



a Sows were vaccinated with divalent inactivated transmissible gastroenteritis (TGE) and porcine epidemic 
diarrhea (PED) vaccine before delivery. 

3.2. RNA Extraction and Reverse Transcription 

All samples were evaluated by reverse transcription PCR (RT-PCR) using PEDV special primers 
(Table 4). In brief, viral RNA was extracted from the supernatants of the homogenized samples with 
TRIzol LS (Invitrogen Co., Carlsbad, CA, USA) according to the manufacturer's instructions. RT was 
carried out using random hexamer primers (TaKaRa Bio Inc., Otsu, Japan), and the cDNA was 
immediately amplified with primers, which were designed based on the sequences of PEDV reference 
strains (Table 4) under the following conditions: denaturation at 95 °C for 5 min, 35 cycles of denaturation 
at 94 °C for 30 s, annealing at 52 °C for 30 s, and extension at 72 °C for 90 s. The RT-PCR products 
were analyzed by 1.5% agarose gel electrophoresis and visualized by ultraviolet illumination after 
ethidium bromide staining. 

Table 4. Amplification primers for the S gene of PEDV in Gansu, China in 2012 a . 
Primers Nucleotide sequence, 5 V -*3 V Primer location b Length (bp) c 



PEDVS1-P1 CCATTAGTGATGTTGTGTTAG 20, 535-20, 555 

PEDVS1-P2 GCACAGCAGCTCCATT 21,565-21,550 

PEDVS2-P1 CCACATACCAGAAGGTTTTAG 21, 372-21, 392 

PEDVS2-P2 CCAGTAATCAACTCACCCTT 22,517-22,498 

PEDVS3-P1 CCCTGAGTTTGGTAGTGG 22, 446-22463 

PEDVS3-P2 CATCCGTCTGTAGAGCAAG 23,599-23,581 

PEDVS4-P1 CTCATCGGTGGTATGGTGCT 23, 497-23, 516 

PEDVS4-P2 AGCAGACTTTGAGACATCTTTGAC 24,851-24,828 
a PEDV, porcine epidemic diarrhea virus; PI, forward; P2, reverse. b Numbers correspond to the nucleotide 



1031 
1146 
1154 
1355 



positions within the CV777 genome. c Length of PCR products. 
3.3. Sequence Analysis 

Five of 17 pig samples were positive for PEDV by RT-PCR. Sequencing analysis of the full-length 
S gene was performed for the five samples designated as JY5C, JY6C, JY7C, YJ3F, and YJ7C. In 
brief, bands of the corresponding size of the gene were excised, and the synthesized DNA was purified 
using a QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany) according to the manufacturer's 
instructions and sequenced by BGI Company (Peking, China). The five PEDV S gene sequences were 
aligned with the sequences of 32 previously published PEDV S genes (Table 5) using the DNASTAR, 
DNAMAN, and Meg Align version 5.0 (DNAStar Inc., Madison, WI, USA) software packages [17]. To 
investigate their molecular and epidemiological characteristics and to determine their profile of genetic 
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diversity, phylogenetic trees were constructed using molecular evolutionary genetics analysis MegAlign 
version 5.0 [17] with the neighbor-joining (NJ) method to calculate distance. Bootstrap values were 
estimated for 1,000 replicates. SignalP 4.1 software [18] was used to predicte the 7V-glycosylated sites. 



Table 5. Isolates and reference strains used in studies of PEDV outbreak in Gansu, China. 



Virus strain 


GenBank accession No. 


Country and year of isolation 


JY5C 


KF 177254 


China 2012 


JY6C 


KF 177255 


China 2012 


JY7C 


KF177256 


China 2012 


YJ3F 


KF 177257 


China 2012 


YJ7C 


KF177258 


China 2012 


CHI 


JQ239429 


China 2011 


CH2 


JQ239430 


China 2011 


CH3 


JQ239431 


China 2011 


CH4 


JQ239432 


China 2011 


CH5 


JQ239433 


China 2011 


CH6 


JQ239434 


China 2011 


CH7 


JQ239435 


China 2011 


CH8 


JQ239436 


China 2011 


CHGD01 


JN980698 


China 2011 


CH-FJND-1-2011 


JN543367.1 


China 2011 


CH-FJND-2-2011 


JN3 15706.1 


China 2011 


CH-FJND-3-2011 


JN381492.1 


China 2011 


DX 


EU031893 


China 2007 


LZC 


EF185992 


China 2006 


LJB-03 


DQ985739 


China 2006 


JS-2004-2 


AY653204 


China 2004 


CHS 


JN547228.1 


China 1986 


KUN-0901 


GU180144 


South Korea 2009 


KUN-0902 


GU180145 


South Korea 2009 


KUN-0903 


GU180146 


South Korea 2009 


KUN-0904 


GU180147 


South Korea 2009 


KUN-0905 


GU180148 


South Korea 2009 


KUN-0801 


GU180142 


South Korea 2008 


KUN-0802 


GU180143 


South Korea 2008 


Parent DR1 3 


DQ862099 


South Korea 2006 


Attenuated DR13 


DQ462404.2 


South Korea 2006 


Chinju99 


AY 1675 85 


South Korea 1999 


MK 


AB548624.1 


Japan 1996 


NK 


AB548623.1 


Japan 


KH 


AB548622.1 


Japan 


CV777 


AF353511.1 


Belgium 1988 


Brl-87 


Z25483 


Great Britain 1993 


PUR46-MAD 


M94101 


USA 1992 
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4. Conclusions 

There were few positives (5) by RT-PCR when 17 piglets with water diarrhea and dehydration were 
sampled. There may be two reasons for this phenomenon. Firstly, inability to amplify virus from all piglets 
might impact our results. Secondly, the piglets maybe have coinfections that might skew our results. 

Our study of the full-length S gene revealed a more comprehensive distribution profile that reflects 
the current PEDV status in pig farms in Gansu Province, China, including the presence of strains 
similar to those from South Korea. These data indicate that the new variant PEDV strains in Gansu 
Province, which were first found in 201 1, may have originated from South China. Thus, certain actions 
must be taken to prevent the continued transmission of this virus, including the development of novel 
vaccines for prevention. 
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